INTRODUCTION
Social network analysis (SNA) is grounded in a relational perspective. It conceives the system under study as a network composed of a set of nodes and ties, which can be represented and analyzed through a variety of mathematical tools (Wasserman and Faust 1994, Scott 2013) .
Since it first emerged in the 1930s, SNA has extensively grown across multiple research fields, including physics, biology, and history, among others (Borgatti et al. 2009 ). In the social sciences, the distinctive contribution of SNA has been to shift the analytical focus from individual characteristics or social categories, which were at the center of classical social science research, to the patterns of relations in which individuals or groups are embedded (White and Johansen 2005, Borgatti et al. 2009 ). This relational perspective has allowed the development of a rich body of research, tackling key questions in the social sciences. For example, SNA researchers have made important contributions to our understanding of how power and influence are distributed in a given social structure (Bonacich 1987) , of how social ties of different intensity explain social systems' dynamics (e.g., Burt 2004) , of the nature of the relations between social structures and individual agency (Archer 1982, Emirbayer and Goodwin 1994) , and of the importance of shared characteristics in the formation of social clusters (the "homophily effect"; see McPherson et al. 2001) . These theoretical advances have been of specific interest among scholars studying natural resources management, because they are dealing with the study of social-ecological systems in which complex social dynamics and interactions are taking place. SNA indeed offers some adequate theoretical and methodological frames to uncover the ways in which heterogeneous groups of actors interact, collaborate, exchange information and materials, and mobilize their social capital, all key aspects of natural resources management. Application of SNA in this field of research has given birth to a wealth of studies, which we will present below.
In this Special Feature, we gather contributions building on this line of research that specifically focus on three themes: (1) how SNA helps us explain natural resources governance, (2) how it helps us understand the circulation and local management of plant propagative materials, and (3) how it helps us understand the transmission of local ecological knowledge. Within each of these thematic areas, the contributions assembled here provide some new theoretical and methodological insights, based on case studies covering a large range of geographical and thematic areas. Because all readers may not be familiar yet with SNA, we propose a brief introduction to SNA in the following paragraph, before introducing the contributions to the special feature.
SNA: PRIMARY CONCEPTS AND METHODS
In SNA, social networks are conceptualized as including (1) a set of nodes that represent individuals or groups, also named vertices/ nodes; and (2) a set of ties that represent the types of relations linking these nodes, also named links or ties. Typical examples of ties are relations of friendship, common interest, financial exchanges, or exchanges of knowledge or material goods. The structure of the network can be analyzed at three levels: the individual level (e.g., looking at how central an individual is within the network), the dyadic level (i.e., identifying microstructures in which pairs of individuals are embedded), and the network level (i.e., analyzing specific network properties, such as density, modularity, or connectivity between elements). Depending on the research objectives, researchers can either focus on whole networks (or socio-centric networks) or on personal networks (or ego-centric networks). Socio-centric networks represent a bounded set of actors between which all interactions are mapped and integrated in the analysis, whereas ego-centric networks represent the respective relational communities of a set of actors, who are not necessarily connected between themselves. An extensive literature regarding these methodological aspects is available (Wasserman and Faust 1994 , Borgatti et al. 2013 , Scott 2013 . The contributions gathered in this Special Feature offer to the reader a large panorama of methodological approaches to SNA, showcasing the flexibility of this approach and its potential fitness to a wide array of research questions and case studies. A common feature of many of these contributions is to use mixed methods that associate SNA with a rich qualitative, ethnographic data collection, an approach that allows a detailed analysis of the complex dynamics that underlie social networks, be they related to information transmission, resource governance, or seed circulation.
SNA and the governance of natural resources SNA has been extensively used to study natural resources governance and management Hubacek 2010, Bodin and Prell 2011) . This is so because the management of natural resources typically involves a large variety of actors, who are embedded in various institutions and interact at different scales http://www.ecologyandsociety.org/vol22/iss1/art41/ and in heterogeneous ways, e.g., through relations of power, mutual help, etc. So far, the use of SNA has resulted in four major contributions to our understanding of natural resources governance and management.
First, research on SNA and natural resource management has shown the importance of examining the characteristics of specific individuals in relation to network structure (i.e., centrality, brokering ability) to understand the functioning of stakeholders' networks (Prell et al. 2009 ). For example, Isaac et al. (2014) analyzed the role of Ghanian migrant famers in the transmission of agroecosystem management practices. Their results suggest that there are diffuse networks through which information is transmitted and whose cohesion depends on a few strategic bridging ties initiated by migrant farmers, who are thus centrally positioned to exchange agroecosystem management practices between geographically and socially distant groups.
Second, SNA research has also addressed the specific patterns of interindividual connections and the processes (i.e., collaboration, decision making, distribution of political power, or diffusion of shared perceptions) that tie stakeholders in a network (Rico Garcia-Amado et al. 2012) . For example, Barnes-Mauthe et al. (2015) examined the correlates of social capital among individuals in Hawaii's longline fishery. According to their findings, ethnicity is the strongest predictor of social capital, a finding that largely explains why industry leaders and formal fishery representatives are generally not well connected. Research on the specific processes that tie actors in a network is important because it might help unravel the existence of power asymmetries in networks and the implications of such asymmetries in the management of natural resources (Crona and Bodin 2010) .
The third contribution of research applying SNA to study natural resources governance and management has been to reveal some of the structural characteristics of the networks that connect actors involved in natural resource management, thus allowing predictions to be made on how such characteristics might affect resource management Crona 2009, Newig et al. 2010 ).
Finally, SNA has also highlighted the multiscalar nature of natural resource governance, especially aiming to connect local management to higher scales of policy and planning (Cohen et al. 2012 , Beilin 2013 . For example, in the Solomon Islands, Cohen et al. (2012) examined a governance network involved in adaptive comanagement of coastal ecosystems. The network examined was composed of actors at several scales, from local communities to nongovernmental organizations and government agencies, all involved in the adaptive comanagement of coastal ecosystems. Their findings suggest that geographic, logistical, and institutional barriers to cross-scale coordination and learning might hamper coordination and learning among management actors. The analysis allows understanding of management failures, with potential implications for the design of better management tools.
Thus, these results suggest that SNA holds a great potential to enhance natural resource governance. On one hand it helps us to understand how complex social interactions between the stakeholders and across scales affect the ways that natural resources are dealt with, and on the other hand it may be used to provide support for the design and the implementation of management plans, to "weave" relational ties between stakeholders that would improve natural resources governance (Vance-Borland and Holley 2011).
The contributions gathered in this Special Feature further contribute to these research lines, mostly through a focus on the patterns of communication or interactions between stakeholders involved in activities related to natural resources governance. Calvet-Mir et al. (2015) analyzed the informal communication network between the stakeholders related to the governance of a natural park in Spain. By comparing the informal exchanges of information between a large set of institutional and noninstitutional actors with the formal participatory bodies of the natural park, they show how the social network approach enables identification of key stakeholders to be included in participatory bodies, thus potentially helping to improve participative governance of protected areas. In a quite different setting, Hauck et al. (2016) used SNA to identify the key actors in the implementation of the European Union green infrastructure strategy in Germany. Their case study specifically relates to local and regional-level actors involved in agricultural biodiversity governance. Using the Net-Map tool, they adopted a participatory perspective and grounded their study on qualitative data (e.g., narratives providing descriptions of the ties) and quantitative data (e.g., statistical analyses of networks structures and actors' positions). Through the analysis of this rich body of data, they provide a detailed description of the patterns of interaction and information flows between local and regional actors, and highlight key factors potentially shaping actors' behaviors or impeding behavioral change, such as social pressure. Tindall and Robinson (2017) studied the personal networks of environmental activists engaged with the protection of the Clayoquot Sound forest area, Canada. They grounded their work on previous studies that have shown that interpersonal connections play a key role in explaining the participation of individuals in social movements: The more connections an individual has to activists, the more likely it is that he/she will become involved him/herself. In this line, they used the case study in Canada to compare the explanatory power of variables related to informants' social connections (ego-network centrality) versus individual-level characteristics (values and attitudes, sociodemographic variables). Their results show that, although some nonrelational variables can help explain individual engagement, the individuals' social environment has a stronger explanatory power, thus bringing a new understanding of the social dynamics underpinning environmental movements. Last, Oubenal et al. (2017) propose a study of the advice network among the participants in the stakeholders' days of the International Platform for Biodiversity and Ecosystem Services (IPBES), which took place in Turkey in 2013. Using discourse analysis combined with ethnographic observations and SNA, they studied the structure of the participants' community and the patterns of information exchanges between these participants in relation to the types of involvement, i.e., collaborative or dissenting voicing, that the participants displayed. The analysis performed enabled Oubenal et al. to describe and analyze the quite complex internal dynamics underlying the functioning of the stakeholders' assembly and even to propose options for further improvement of the inclusion and participation of heterogeneous nonstate actors in the IPBES.
Ecology and Society 22(1): 41 http://www.ecologyandsociety.org/vol22/iss1/art41/ SNA and the circulation of plant propagative materials One particular area in which SNA has revealed itself as very popular is the study of plant material circulation. A growing body of research indicates that cultural diversity, social differentiation, gender relations, and agrobiodiversity management are intertwined (Howard 2003 , Reyes-García et al. 2010 , Leclerc and Coppens d'Eeckenbrugge 2011 , Labeyrie et al. 2014 . Results from such research highlight the importance of understanding the social context of plant materials' (e.g., seeds or stems) exchanges, as well as the cultural processes leading to the selection of plants and germplasm for in situ agrobiodiversity conservation (Ellen and Platten 2011 , Pautasso et al. 2012 , Coomes et al. 2015 . In this context, SNA has proved to be a powerful tool for analyzing the flow of seeds and crop varieties among farmers and gardeners , Kawa et al. 2013 , Poudel et al. 2015 . For example, Calvet-Mir et al. (2012) explored the seed exchange network of gardeners in the Catalan Pyrenees, Spain, and found that people with higher centrality in the network conserved more local landraces and had more local landrace knowledge than people who were less central in the network. In a similar study among gardeners in Spain, Reyes-García et al. (2013) found that the number of contacts held by an individual in the germplasm exchange network was positively associated with her/his agroecological knowledge. Interestingly, other studies have also shown that social networks can constrain varietal distribution, which may in turn result in lowering crop diversity in agricultural communities. For example, the study by Kawa et al. (2013) among caboclos' in Brazilian Amazonia showed that households holding a more central position in the local manioc exchange network were those who cultivated greater areas of manioc, and not those who maintained a greater diversity in manioc varieties. In sum, results from the study of the social networks underpinning plant materials' exchanges reveal that the specific social and cultural context in which agrobiodiversity exchanges take place is important in understanding the actual distribution of crop varieties and seeds, because social networks might either support or constrain agrobiodiversity circulation. Such findings might inform effective agrobiodiversity conservation policies.
Four contributions to this Special Feature provide detailed studies of exchange networks of plant propagative material. The contribution by Wencélius et al. (2016) challenges the standard approach in seed circulation studies that considers the household as unit of analysis. They studied the intra-household exchanges of seeds in a smallholder farming community from northern Cameroon and show that intra-household exchange patterns vary widely from one household to the other, depending on the household composition, e.g., polygynous versus monogynous households. For example, they found that wealthier households tend to display a more diverse set of seed sources than poorer households, because of higher coresident diversity and more intra-household seed transactions. In a neighboring region of Cameroon, Violon et al. (2016) study the temporal evolution of seed circulation networks. By comparing seed supply networks in a "normal" and a dry year, the authors show that farmers tend to seek seeds in a different way depending on the environmental constraints: In exceptional conditions, the seed supply networks tend to be much more extended spatially and their composition varies, with woman-related kin networks becoming more important. These authors also reflect on the methodological biases that tend to make the researcher blind to differences between the types of relations that are mapped through SNA, for example, when temporary relations are mistakenly recorded as equivalent to long-lasting ones. Such methodological insights should be of interest to a large audience. In another contribution to this topic, Thomas and Caillon (2016) use a socio-centric network approach to analyze the circulation of three types of food plants in a village in Vanuatu. Using very rich ethnographic material describing local plant categories and local social organization, associated with advanced statistical analyses, the authors show that the two main factors affecting the circulation of plant materials are farmers' social status (with higher-rank individuals tending to give more plants) and the biocultural value given to plants. Last, in their contribution Díaz-Reviriego et al. (2016) map the social exchange of medicinal plant material and knowledge among gardeners in two villages of a foragerhorticulturalist society of Bolivian Amazonia, the Tsimane'. The study analyzes how these interactions affect the richness of medicinal plants in homegardens and the local ethnomedicinal knowledge of gardeners. Through this approach, the authors show that plant richness in homegardens is partly shaped by social organization, where gender and kinship relations are fundamental aspects that patterns daily social interactions.
SNA and the transmission of local ecological knowledge
The importance of analyzing social relations and social structure to understand cultural knowledge transmission was highlighted in the anthropological literature decades ago, although without specifically using SNA (e.g., Cavalli-Sforza and Feldman 1981, Boster 1986 ). Drawing on this body of literature, researchers interested in the transmission and distribution of local environmental knowledge have recently started to apply SNA for tracing the pathways of intra-cultural and intercultural knowledge transmission. Such research has brought some important insights. First, it has shown that the patterns of knowledge transmission are much more complex than usually expected and extend beyond the categories or social groups that are usually included in knowledge transmission studies, such as kin-based groups. For instance, in a case study focusing on a community of fishers along coastal Kenya, Crona and Bodin (2006) have shown that ecological knowledge transmission mainly occurred within occupation-related groups, in this case, fishermen using the same gear.
A second key finding of applying SNA to the study of local knowledge transmission relates to our understanding of how individuals select knowledge sources and seek information. In this line, the study by Henrich and Broesch (2011) among Fijian villagers shows evidence of the importance of selective learning biases in knowledge transmission, where people are more likely to learn from the ones perceived as more successful or knowledgable about fishing, medicinal plants, and yam cultivation. In a study along the same line, Haselmair et al. (2014) used a personal network approach to map the different sources (people, but also books, the Internet, and the like) involved in food and medicinal plant knowledge transmission among Tyrolean migrants in Australia, Brazil, and Peru. Their results suggest that the selection of sources from which to seek knowledge depends on individuals' socioeconomic conditions and the type of knowledge that the individual aims to acquire: Although people, i.e., relatives and friends, play an important role in remote http://www.ecologyandsociety.org/vol22/iss1/art41/ areas (Brazil and Peru), other sources, i.e, the Internet or the mass media, grow in importance in other contexts. A last contribution of this type of work has been to highlight the importance of (1) an individual's position in a network and (2) the structural characteristics of the network to better understand local ecological knowledge transmission. In this line, Hopkins (2011) and Calvet-Mir et al. (2012) explore the effect of individuals' centrality in exchange networks on the knowledge they hold. Although their work was conducted in two different contexts, they both show that the more central an individual is, the more knowledgeable he/she tends to be. This Special Feature includes one contribution pertaining to this research field. Salpeteur et al. (2016) used SNA to identify the social groups that potentially affect the transmission of local environmental knowledge related to pastoralist activities, among the Rabari transhumant shepherds of Western India. Through SNA, the authors mapped two informal networks (friendship and migration partnership), to which they applied clustering methods to extract groups of highly connected individuals. They then compared the local ecological knowledge held by these groups with quantitative tools. Their results show that, whereas friendship relations do not appear to affect knowledge exchanges, migration partnership is a strong driver of intra-cultural knowledge transmission, because groups of comigrants tend to hold similar knowledge. The social organization of migration, closely related to the nomadic way of life, is shown to shape the patterns of intracultural variations of local ecological knowledge, thus bringing new understandings of the dynamics of local ecological knowledge in the context of seminomadic pastoralist communities.
Altogether, the articles presented in this Special Feature offer a wide panorama of current applications of SNA across a variety of research lines, case studies, and theoretical and methodological approaches. They show that SNA is a flexible tool that provides a different and useful perspective on complex social dynamics in relation to environmental management. We hope that these contributions will inspire new applications and developments of this approach in future research.
Responses to this article can be read online at: http://www.ecologyandsociety.org/issues/responses. php/8790
